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APPLICATION 



FOR UNITED STATES LETTERS PATENT 



SPECIFICATION 



lO ALL WHOM IT MAY CONCERN: 

BR IT KNOWN THAT L TRACY E.HAMBLET, JR., a citizen 
of UNITED STATES OF AMERICA, have invented a new and useful 
METHOD FOR STABILIZING^ SOIL AGAINST EROSIQN of 

which the following is a speCifjiCialion- ^ ' 




METHOD FOR STABILIZING SOIL AGAINST EROSION 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to soil stabilization methods and 
more particularly pertains to a new method of stabilizing soil for 
providing an effective and predictable method for stabilizing large 
areas of soil having sections of soil of various compositions and 
slopes. 

Description of the Prior Art 

Large land contouring projects, such as, for example, golf 
course construction, typically involve the formation of a variety of 
land features or contours that are desirable for lending the golf 
course a distinctive character and making golf play more 
challenging. However, desirable land contours often produce a 
wide variation of slopes and curves which especially vulnerable to 
erosion, many times at varying erosion rates. Further, the wide 
land area typically encompassed by a project such as a golf course 
means that a wide variety of soil types and compositions may be 
encountered, and these varying soils will often exhibit different 
tendencies for erosion. While erosion control is very important 



during the soil placement and grading operations, it is critically 
important from the time that grading of the soil is finished until the 
time at which the turf is sufficiently established, such as, the time 
at which golf play may occur on the turf without damaging the turf. 
Thus, successful soil stabilization against erosion requires 
stabilization of the soil through the time that the turf is firmly 
established on the golf course and the turf is ready to be played on 
by golfers. 

The possibility of erosion prior to turf establishment, and the 
relatively high cost of preventing such erosion until final turf 
establishment, is believed to have limited the extent of sloped areas 
of the contouring of golf courses, and the relative steepness of 
those sloped areas of golf courses heretofore designed and 
constructed. However, it is known that at least some golf course 
designers desire to exceed conventional contouring limitations and 
want to employ golf course contouring that exceeds conventional 
limitations on the steepness of sloped land areas and on the length 
of sloped land areas for enhancing the distinctiveness and difficulty 
of play the golf courses. 

The use of various soil stabilization methods is known in the 
prior art. A highly popular approach to stabilizing soil during the 
turf grow-in period is to employ mats of fibrous grids laid out on 
the surface of the soil to hinder movement of the soil during rain 
showers and watering of the prepared surface of the soil. However, 
it has been found that erosion can still occur below the matting. 
Further, the cost of the matting is exceedingly expensive, especially 
in the quantities required to cover all of the areas typically needed 
to be stabilized against erosion on a typical golf course project, and 
the matting requires extensive labor to install. Although the 



matting is intended to eventually degrade into the soil over time, 
the matting is normally removed from the surface of the soil before 
the turf becomes fully established because of the belief that leaving 
the matting in place tends to slow or stifle turf growth. 

Polyacrylamide, or "PAM", has been known to be effective as 
a soil stabilizer, and insofar as is known, has been used on 
agricultural land in various manners. Amending soil with PAM has 
been shown to bond soil particles together, and also to facilitate the 
growth of vegetation in the soil by enhancing the root structure of 
the vegetation, by enhancing germination, by enhancing water 
retention, and by enhancing nutrient retention. 

However, the use of PAM to amend soil in practical 
applications has been spotty, as the use of the PAM polymer has 
been very problematic. For example, use of too much of the 
polymer (at application rates of about 300 to 400 pounds per acre) 
can produce a hard crust on the top of the soil that actually hinders 
vegetation growth, and is expensive. Some agricultural use is 
known by injecting the PAM polymer directly into the water supply 
to irrigation systems in amounts of about one-half to one gallon per 
acre for spreading the PAM in a single uniform amount over an 
entire field of relatively level agricultural soil. The use of the 
PAM at these application rates has relatively little effect for 
holding the soil in place against any significant erosion forces, but 
is considered "safe" in that handling problems generally associated 
with the polymer are not encountered at these low application rates. 

Another problem associated with PAM is that the polymer is 
exceedingly difficult to handle and use in the field, as the behavior 
of PAM in the presence of water can be extremely sensitive and 
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unpredictable. For example, if the polymer is mixed with water in 
the wrong manner, such as too quickly or in too great amounts, the 
polymer (and the mixture with water) can easily become so highly 
viscous that mixing and application equipment can become clogged 
5 and unusable. On newly placed soil, especially where little or no 
compaction has occurred, the application of a PAM and water 
mixture to the soil can even precipitate erosion of the soil by the 
application process, especially on soil with a top surface having 
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anything more than a minimal slope. 



The method for stabilizing soil against erosion according to 
the present invention substantially departs from the conventional 
concepts and designs of the prior art, and in so doing provides an 
effective and predictable method for stabilizing large areas of soil 
15 of varying compositions and slopes. 



SUMMARY OF THE INVENTION 



In view of the foregoing disadvantages inherent in the known 
20 types of soil stabilization methods now present in the prior art, the 
present invention provides a new method for stabilizing soil against 
erosion wherein the same can be utilized for providing an effective 
and predictable method for stabilizing large areas of soil having 
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sections of soil of various compositions and slopes. 



To attain this, the present invention generally comprises a 
method of applying polyacrylamide (PAM) for stabilizing particles 
of soil of a land area from movement about the land area. The 
general slope of the top surface of the soil is measured, and a 
30 tentative application rate for the land area is established by 

categorizing the general slope of the top surface of the land area. 
The degree of stability of the soil of the land area to be treated is 
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determined by placing a sample of the soil in a tray and pouring a 
liquid (comprising water or a mixture of water and PAM) over the 
sample and evaluating the erosion potential of the soil by 
measuring any movement of the soil in the tray. The tentative 
application rate may be adjusted based upon the results of the 
testing of the erodability of the soil samples, such as by increasing 
the tentative application rate if testing of the soil sample showed a 
relatively higher vulnerability to erosion. An application rate is 



calculated for applying a mixture of PAM and water to the land 
area. 

The mixture is misted onto the surface of the land area to 
produce a tack coat for initially stabilizing topmost soil particles 
on the top surface of the land area against soil movement caused by 
subsequent mixture applications. The application of the mist of the 
mixture is continued until the top surface of the soil of the land 
area becomes saturated. A time period is waited which is greater 
than the time required for any puddles of the mixture on the surface 
of the soil to be absorbed into the soil, and less than the time 
required before the top surface of the soil dries. A spray of the 
mixture is directed onto the surface of the soil of the land area 
from at least four directions, and at a substantially perpendicular 
angle downward onto the surface of the soil of the land area. The 
extent of penetration of the mixture below the top surface of the 
soil of the land area is tested for determining whether further 
polymer application is necessary. Once the desired penetration of 
the PAM into the soil is established, the application of the mixture 
may be discontinued. 

There has thus been outlined, rather broadly, the more 
important features of the invention in order that the detailed 
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description thereof that follows may be better understood, and in 
order that the present contribution to the art may be better 
appreciated. There are additional features of the invention that 
will be described hereinafter and which will form the subject matter 
of the claims appended hereto. 

In this respect, before explaining at least one aspect of the 
practice of the invention in detail, it is to be understood that the 
invention is not limited in its application to the specific details of 
the steps and acts set forth in the following description. The 
invention is capable of being practiced in various ways. Also, it is 
to be understood that the phraseology and terminology employed 
herein are for the purpose of description and should not be regarded 
as limiting. 

As such, those skilled in the art will appreciate that the 
conception, upon which this disclosure is based, may readily be 
utilized as a basis for the designing of other methods and practices 
for carrying out the several purposes of the present invention. It is 
important, therefore, that the claims be regarded as including such 
equivalent methods insofar as they do not depart from the spirit and 
scope of the present invention. 

These together with other objects of the invention, along with 
the various features of novelty which characterize the invention, 
are pointed out with particularity in the claims annexed to and 
forming a part of this disclosure. For a better understanding of the 
invention, its operating advantages and the specific objects attained 
by its uses, reference should be made to the accompanying 
descriptive matter. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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The invention will be better understood and objects other than 
those set forth above will become apparent when consideration is 
given to the following detailed description thereof. Such 
description makes reference to the annexed drawings wherein: 

Figure 1 is a schematic diagram of an illustrative spraying 
system for use in practicing the new method for stabilizing soil 
against erosion according to the present invention. 

Figure 2 is a schematic diagram of another illustrative 
spraying system for use in practicing the new method for stabilizing 
soil against erosion according to the present invention. 

Figure 3 is a schematic side sectional view of a soil sample 
testing apparatus for evaluating the vulnerability of a sample of a 
particular soil to erosion. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

With reference now to the drawings, and in particular to 
Figures 1 through 3 thereof, a new method for stabilizing soil 
against erosion embodying the principles and concepts of the 
present invention will be described. 

Generally, the invention comprises a process for evaluating 
the vulnerability to erosion of a land area and the soil of the land 
area, and amending the soil with polyacrylamide, or "PAM", a 
polymer capable of bonding to soil particles to create groups or 
"strings" of soil particles that are resistant to being moved by wind 
and water (such as from precipitation or periodic turf watering). 



A highly suitable form of PAM for use in the invention is in 
an emulsion form. An example of a highly preferred PAM emulsion 
is an anionic acrylamide copolymer emulsion in hydrocarbon oil, 
such as is available under the tradename "EARTHBOUND™" from 
5 Earth Chem of Fort Collins, Colorado. The most preferable forms 
of the polymer are believed to have a very high molecular w^eight. 
Significantly, the anionic PAM is attracted to positively charged 
soil particles, and may form chains of substantial length and 
binding to large numbers of soil particles when brought into contact 
10 with the soil particles. 



'Ar'tana area to be treated is covered by a layer of soil 



particle^ that may extend to various depths below the upper surface 
of the lanci area. The invention is highly suitable for use on land 

15 areas wherexlie soil has been recently moved or positioned, such as, 
for example, a^golf course during or just after the final contour 
grading preparatrons, and before any significant turf growth has 
been established, although application with even a significant 
amount of turf growtk is possible and useful. It is at the time 

20 before substantial turf e>stablishment that the soil of the land area is 
most vulnerable to soil pa^rticle movement by wind and 
precipitation, and also is the time when the soil is being subjected 
to extensive watering for establishing turf on the land area which 
can also produce soil particle niovement. It should be noted that 

25 the land area, as referred to here\n, may comprise an area of a few 
square yards, such as in the case of a putting green, up to several 
acres, such as in the case of fairways or fairway boundary areas. A 
particular land area for the purpose af PAM treatment using the 
invention may be generally defined by\a number of factors, such as, 

30 for example, the various types or compositions of the soil, and the 
various degrees of sloped contours of theUop surface of the soil. A 



large area, such as\a golf course, may be subdivided into several 
smaller sections of \and area for the purpose of practicing the 
inven tion. \ 

One of the preliminary steps of stabilizing the soil of the land 
area is to determine the degree of stability of the soil of the land 
area to be treated for the purpose of determining the relative 
amount of a mixture of water and PAM to be applied to the land 
area. One of the factors to be considered in determining the 
stability of the soil of the land area is the general or average or 
predominant slope of the top surface of the particular land area to 
be treated. Thus, the general slope of the top surface of the soil 
may be measured or approximately estimated. Generally, the 
invention is highly suitable for slopes ranging from generally level 
(e.g., no slope) to slopes of approximately one to one, although 
slopes greater than one to one have successfully been treated 
according to the invention. In such highly sloped areas, the 
invention also may be practiced in combination with other soil 
stabilization techniques, such as, for example, matting. 

Preferably, the general slope of the land area is categorized in 
one of the following categories: a substantially level slope, a slope 
of about 10 to 1 (e.g., one foot of vertical rise for every 10 feet of 
horizontal run, or a slope of about 5 degrees), a slope of about 6 to 
1 (e.g., one foot of vertical rise for every 6 feet of horizontal run, 
or a slope of about 9 degrees), a slope of about 4 to 1 (e.g., one 
foot of vertical rise for every 4 feet of horizontal run, or a slope of 
about 14 degrees), a slope of about 3 to 1 (e.g., one foot of vertical 
rise for every 3 feet of horizontal run, or a slope of about 18 
degrees), a slope of about 2 to 1 (e.g., one foot of vertical rise for 
every 2 feet of horizontal run, or a slope of about 26 degrees), a 
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slope of about 1.5 to 1 (e.g., one foot of vertical rise for every 1.5 
feet of horizontal run, or a slope of about 33 degrees), or a slope of 
about 1 to 1 (e.g., one foot of vertical rise for every 1 foot of 
horizontal run, or a slope of about 45 degrees) or steeper. 

5 

Another factor for determining the degree of stability of the 
soil is the vulnerability of the particular soil of the land area to 
erosion. The practice of the invention may include testing of the 
soil of the land area for its vulnerability to erosion. As a part of 
10 the testing process, a sample of the soil from the land area to be 
treated is removed from the land area, such as by removing one or 
more core samples from the land area. A core soil sample is readily 
obtained by boring into the ground with core sampling equipment, 
'P or even a golf cup or hole cutter. 

\,d For the testing of.the soil sample, the soil sample may be 

divided into two samples so that a comparative testing may be 

7^ accomplished. A first tray and a second tray are provided for 

i.-j 

M testing the soil samples. Each of the first and second trays is 

20 preferably elongate, and has a length that is divided into two 
y sections or portions that are separated by a wall. The wall may be 

provided with a generally vertically-oriented notch or slot therein 

for permitting liquid to pass therethrough. 

25 A first portion of the soil sample is placed in the first tray 

and a second portion of the soil sample is placed in the second tray. 

The first and second trays are tilted to produce a slope in the 
surface of the sample contained in each tray. The tilted elongate 
30 trays have an uppermost end and a lowermost end, and each of the 
trays thus has an upper portion and a lower portion. The soil 
samples are placed in the upper portion of each of the respective 
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first and second trays. Preferably, the tilt of the first and second 
trays is such that the tilt of the bottom wall of the tray is about 3 to 
1, and as a result, the upper surface of the soil sample in the tray is 
also about 3 to 1 . 



f^4^ 3 - ccd in t o - c anrh of the first and sFcTnnj-4-^ay^s— 
to observe^a^y erosive effect on the samples. A first liquid is 
introduced into\the uppermost end of the first tray, and a second 
liquid is introducedsinto the uppermost end of the second tray. The 
10 first liquid may compm;^ water, preferably without any significant 
amount of the PAM polyme^^ The second liquid may comprise a 
mixture of PAM and water. Tnfe\mixture of the second liquid 

preferably compri ses f^b^i^t lOnO p^tHr untPir tn nhnnt 1 p^rt PA1V[ 



15 The first liquid is poured on the soil sample in the first tray 

near the uppermost end of the first tray. The second liquid is 
poured on the soil sample in the second tray near the uppermost end 
of the second tray. The first liquid and the second liquid may be 
applied on the soil samples at an initial rate, which preferably 

20 comprises a rate of approximately 1/10 to 1/20 inches per hour, and 
which approximates a drizzling rain falling on the surface of the 
soil sample. The liquids may be applied to the soil samples at the 
initial rate at least until the liquid has penetrated the surface of the 
soil samples about one-quarter to one-third inch below the top 

25 surface of the samples. 

The rate of application of the first and second liquids to the 
first and second soil samples is increased from the initial rate by an 
increment after a period of time. The increment of increase in the 
30 rate of application is preferably about one-half inch per hour. The 
period of time between successive increases may be about five 
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minutes. The rate of application is increased by the increment until 
the rate of application reaches at least the rate of about 2 inches 
per hour. 

A first container, or sediment trap, is placed below the 
lowermost end of the first tray to catch and collect liquid flowing 
or draining from the lowermost end of the first tray. A second 
container, or sediment trap, is placed below the lowermost end of 
the second tray to catch and collect liquid flowing or draining from 
the lowermost end of the second tray. 

The erosion potential of the soil of the land area is evaluated 
by measuring any movement of sediment particles of soil in the 
samples in the first and second trays. The evaluation of the 
movement of sediment particles includes viewing the appearance of 
the contents of the lower portion of the first tray and the first 
container, and checking the lower portion of the first tray and the 
first container for soil carried by the first liquid out of the upper 
portion of the first tray. 

The appearance of the contents of the lower portion of the 
first tray and of the first container is categorized based upon a 
predetermined system or chart for rating the relative erodability of 
the soil. 

If the contents of the lower portion and the first container is 
liquid that is substantially clear of soil particles, the soil is 
categorized as being generally not appreciably erodable. If the 
contents of the lower portion and the first container is liquid that is 
nearly clear of soil particles, the soil is categorized as being 
generally slightly erodable. If the contents of the lower portion 
and the first container is liquid that is cloudy with soil particles, 
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the soil is categorized as being generally moderately erodable. If a 
noticeable amount of the soil has been carried from the upper 
portion to the lower portion of the first tray, and the contents of the 
lower portion and the first container is liquid that is very silty with 
soil particles, the soil is categorized as being generally easily 
erodable. If the soil moves quickly from the upper portion to the 
lower portion of the first tray, and the first contents of the first 
tray and the first container is muddy in appearance, the soil is 
categorized as being generally very erodable. 

When substantially instant erosion of soil occurs from the 
upper portion to the lower portion of the first tray, and the contents 
of the lower portion and of the first container may be characterized 
as nearly a slurry, the soil is categorized as being generally 
difficult to control. 

The movement of soil particles in the second tray may be used 
for comparison to the movement of soil particles in the first tray. 
As the second liquid comprises a mixture of water and PAM, the 
movement (or lack of movement) of soil particles in the second tray 
gives an indication of the likely effectiveness of the mixture for 
limiting erosion of the soil particles on the land area. 

A tentative application rate is established for the land area by 
categorizing the general slope of the top surface of the land area. 
If the general slope of the top surface of the soil is substantially 
level, a first category tentative application rate is assigned. One 
preferred first category tentative application rate is about 1 gallon 
of PAM per acre treated. If the general slope of the top surface of 
the soil is about 10 to 1, a second category tentative application 
rate is assigned. One preferred second category tentative 
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application rate is about 1.5 gallons of PAM per acre treated. If 
the general slope of the top surface of the soil is about 6 to 1, a 
third category tentative application rate is assigned. One preferred 
third category tentative application rate is about 2 gallons of PAM 
per acre treated. If the general slope of the top surface of the soil 
is about 4 to 1, a fourth category tentative application rate is 
assigned. One preferred fourth category tentative application rate 
is about 3 gallons of PAM per acre treated. If the general slope of 
the top surface of the soil is about 3 to 1, a fifth category tentative 
application rate is assigned. One preferred fifth category tentative 
application rate is about 4 gallons of PAM per acre treated. If the 
general slope of the top surface of the soil is about 2 to 1, a sixth 
category tentative application rate is assigned. One preferred sixth 
category tentative application rate is about 6 gallons of PAM per 
acre treated. If the general slope of the top surface of the soil is 
about 1.5 to 1, a seventh category tentative application rate is 
assigned. One preferred seventh category tentative application rate 
is about 8 gallons of PAM per acre treated. If the general slope of 
the top surface of the soil is about 1 to 1 or steeper, an eighth 
category tentative application rate is assigned. One preferred 
eighth category tentative application rate may be about 8 gallons of 
PAM per acre treated. For general slopes greater or steeper than 1 
to 1, other stabilization techniques or devices may optionally be 
employed in combination with the PAM soil treatment according to 
the invention. 

The tentative application rate based on the general slope of 
the top surface of the soil is adjusted based upon the results of the 
testing of the erodability of the soil to arrive at a final or total 
application rate for the land area. Significantly, if testing of the 
soil samples demonstrated a relatively higher vulnerability to 
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erosion, the tentative application rate based on the general slope is 
increased to reflect the higher vulnerability of the soil to erosion. 
If the character of the soil sample was determined to be moderately 
erodabie, the tentative application rate is increased by one slope 
5 category to determine the total application rate. If the character of 
the soil sample was determined to be easily erodable, the tentative 
application rate is increased by up to two slope categories to 
determine the total application rate. If the character of the soil 
sample was determined to be very erodable, the tentative 
10 application rate is increased by up to three slope categories to 
arrive at the total application rate. If the character of the soil 
sample was determined to be not controllable, the tentative 
application rate is increased by up to four slope categories to 
determine the total application rate. 

15 

A mixture formula is calculated for the mixture to be applied 
to the land between area. Preferably, the mixture has a ratio of one 
part PAM to about 500 parts to about 5000 parts water by volume 
for application without equipment damage or applying so much 

20 liquid that erosion is initiated. Highly preferably, the mixture has 
a ratio of about 1 part PAM to between about 900 parts to 1100 
parts water by volume for enabling application that avoids any 
significant possibility of application equipment difficulties while 
using the most economical quantities of water. Ideally, the mixture 

25 has a ratio of about 1 part PAM to about 1000 parts water by 

volume for enabling the safest (to equipment) application while 
minimizing the quantities of mixture to be applied to the land area 
(and the time involved). 

30 A significant aspect of the application aspect of the invention 

is the use of a number of applications at a uniform mixture 
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composition to the soil, rather than applying the entire quantity of 
mixture to achieve the desired amount of PAM in a single 
application. Preferably, a uniform mixture composition is used of 
approximately 1 part PAM to 1000 parts water (by volume), and the 
application rate is increased by making multiple applications to the 
soil of the land area. It has been found that the 1 to 1000 mixture 
ratio is highly suitable for use when a uniform mixture composition 
is used to achieve the desired application rate, and this mixture 
ratio is easily handled with respect to preparing the PAM and water 
mixture for application, and keeping the number of applications 
practical during the actual application process. 

It has been found that the relative compaction of the soil of 
the land area may be considered in determining the total number of 
applications of the uniform mixture. The number of applications of 
the uniform mixture may be increased if the top surface of the soil 
of the land area is determined to have a compacted crust. In the 
event of a compacted crust, a preliminarily misting of the mixture 
onto the top surface of the soil is highly beneficial to loosen the 
compaction of the soil for enhancing the penetration and 
flocculation of subsequent applications of the mixture into the soil. 
Thus, the initial misting of the mixture on the top surface of the 
soil tends to loosen the crust for permitting faster and easier 
penetration of the subsequent applications of the mixture into the 
soil. 

The PAM polymer is mixed with water to form a mixture for 
application to a land area. The particular procedure used in mixing 
the PAM and water may be important in that use of an improper 
procedure can cause the PAM to take on a gel form that resists 



mixing with the water and gums up and clogs mixing and spraying 
equipment. 

Optionally, a bulk quantity batch of the mixture may be mixed 
5 using a first volume of water and a second volume of PAM. 

Preferably, the entire first volume of water is agitated to a high 
swirl agitation, and the second volume of PAM is poured or 
injected into the agitated water at a rate of less than approximately 
one quart of PAM per minute to ensure proper mixing of the PAM 
10 with the water so that the PAM does not form a gelatinous mass 
that does not disperse in the water. The agitation of the mixture 
should be continued for at least approximately five minutes after 
the entire amount of PAM has been added to the water and before 
C the mixture is applied to soil. 

I 15 

Bulk quantity batches may be applied by hand held or vehicle 
mounted spraying apparatus. Surprisingly, a highly suitable 
spraying apparatus is an apparatus that is typically used for spray 
u application of seed, mulch, fertilizer and water mixtures to soil for 

[J 20 establishing turf. One such apparatus is a FINN HYDROSEEDER 
□ Model T-90-T-II available from the Finn Corporation of Cincinnati, 

Ohio. The spraying apparatus may also include a directional nozzle 
or "cannon" mounted on a raised level on a vehicle. Optionally, the 
bulk quantity batch may be sprayed using chemical spraying 
25 equipment, such as a vehicle with a cantilevered boom spray bar. 
The equipment should be suitable, or adapted, for handling high 
viscosity liquids. 

Optionally, the PAM polymer may be continuously injected 
30 into a flow of water at a rate adapted to achieve a desired mixture 
ratio between water and PAM. This type of continuous mixing may 
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be employed when the mixture is to be applied to the soil surface 
using a central spray source. Significantly, a central spray source 
such as a water cannon apparatus, which is typically used for 
applying relatively pure water to turf, may be employed to apply the 
mixture to the top surface of the soil through the continuous 
mixing. The use of the water cannon is especially useful for 
applying the mixture to relatively large land areas. One highly 
suitable water cannon is the RAINBOY model available from 
BAUER of Austria. 

As a significant initial step of the mixture application 
process, the mixture is lightly misted onto the top surface of the 
soil of the land area to produce a "tack coat" for initially 
stabilizing the soil particles on the land area against soil movement 
caused by subsequent mixture applications. The misting of the 
mixture onto the top surface is highly important, especially when 
the preliminary evaluation of the soil of the land area has indicated 
that the soil is highly erodable, and may even be susceptible to 
being eroded by the spray application of the PAM and water 
mixture. The mist applied to the soil in this initial step may be a 
highly diffuse spray of small droplets that is directed into the air 
above the top surface of the soil. The mist is preferably very fine, 
and misting in many cases may not be satisfactorily performed (for 
uniform application) in any significant wind (e.g., above about 15 
miles per hour) because the mist is moved onto other land areas. 

The spray application of the mist of the mixture to the surface 
of the soil is continued until the top surface of the soil of the land 
area becomes saturated with the mixture. The application of the 
mixture is stopped when the mixture appears to be accumulating on 
the top surface of the soil rather than the mixture being relatively 
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quickly absorbed into the ground. A highly suitable indicator that 
the mixture is accumulating on the top surface, and not being 
readily absorbed into the soil, is that the top surface of the soil 
begins to reflect light and appears shiny. The application of the 
mixture may also be terminated if movement of the mixture is 
observed on the top surface of the soil. 

After the misting spray application, a time period is allowed 
to pass so that the mixture is able to penetrate the ground below the 
top surface. The time period may vary based upon the particular 
characteristics of the soil, but is generally the time period required 
for any significant puddling of the mixture on the surface of the 
soil to be absorbed into the soil. However, and significantly, the 
time period should be less than the time required for the mixture to 
dry from the top surface of the soil so that the moisture of the 
applied mixture permits subsequent applications to more quickly 
penetrate the top surface and enter the soil to deeper levels. If the 
soil surface becomes dry, the initial misting should be repeated to 
rewet the top surface. 

If further applications are required to achieve total or desired 
application rate for the soil, a subsequent application of the 
mixture is applied to the surface of the soil of the land area. The 
application of the mixture to the top surface is repeated for an 
appropriate number of times until the application rate for the soil 
of the land area is achieved. The application of the mixture to the 
surface of the soil may be repeated up to approximately 15 times. 

The application of the mixture to the soil preferably includes 
directing a spray of the mixture onto the surface of the soil of the 
land area from at least four directions for ensuring an even 
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application to the top surface. This step is especially important for 
ensuring that highly contoured land areas, such as those frequently 
encountered on golf courses, receive a uniform application of the 
mixture for the most uniform stabilization effect. Since the 
5 relatively higher side of a contour is the most exposed to the 
effects of precipitation and watering, the higher side must be 
covered as v^ell as the low side of the contour. Preferably, each of 
the directions of spray is oriented at about 90 degrees to at least 
two of the other directions to obtain the best coverage. 

10 

A spray of the mixture may be directed downwardly onto the 
surface of the soil of the land area at an angle substantially 
perpendicular to the top surface of the soil. Preferably, the 
=«p direction of the substantially perpendicular spray varies less than 

|p 15 about 15 degrees from an axis oriented perpendicular to the top 
!:t: surface of the soil. The downward spray provides further assurance 

W of uniform coverage of the top surface of the soil. 

M After an application of the mixture, the extent of penetration 

20 of the mixture, or more importantly the penetration of the PAM 
polymer of the mixture, below the top surface of the soil of the 
land area is tested by examining the soil below the top surface of 
the soil, such as by, for example, by removing a core sample of the 
soil from the land area. For most effective stabilization, the 
25 application of the mixture is preferably continued until the PAM 
polymer reaches sufficient depth penetration. For example, for 
slope categories between substantially level and 4 to 1, inclusive, 
sufficient depth penetration may be a minimum of about 1.3 inches. 
For general slopes of about 3 to 1, sufficient depth penetration may 
30 be a minimum of about 1.5 inches. For general slopes of about 2 to 
1, sufficient depth penetration may be a minimum of about 2 



inches. For general slopes of about 1.5 to 1, sufficient depth 
penetration may be a minimum of about 2.5 inches. For general 
slopes of about 1 to 1 or steeper, sufficient depth penetration may 
be a minimum of about 3 inches. 

5 

The aforedescribed desirable depth penetrations are most 
often achievable with total application rates, calculated by the 
aforedescribed consideration of the slope and soil character. 
However, if the desired soil penetration has not been achieved 

10 through the application of the entire amount corresponding to the 
total application rate, the application of the mixture should be 
continued until the desired soil penetration is achieved. If the 
desired depth penetration is achieved before the entire amount of 
mixture is applied to achieve the total application rate, the 

15 application of mixture may be preferably continued until the total 
application rate is achieved. Thus, the application of the mixture 
to the land area is most preferably continued until both the total 
application rate is achieved and the desired soil penetration depth 
is achieved. 

20 

The extent of penetration of the PAM polymer in the soil may 
be detected by observing the depth of the formation of "strings" of 
the PAM polymer arid soil which often characterizes the portion of 
the soil that the PAM polymer has penetrated. 

25 

Optionally, a concluding or final application of the mixture to 
achieve the desired application rate may be performed by injecting 
the PAM polymer directly into a water sprinkling system installed 
in the ground of the golf course and intended for watering turf 
30 growing on the course. This last application of the number of times 
at the uniform application rate is permissible because earlier 
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applications have immobilized the soil of the areas of higher slope 
categories. 

An optional method of applying PAM to the soil of a land area 
5 includes applying a granular form of the PAM polymer to the soil. 
The application of granular PAM is most suitable for land areas 
where the top surface has a slope of about 2 to 1 or less. Initially, 
a liquid mixture of water and PAM is misted onto the top surface of 
the land area to produce a tack coat of the mixture for initially 
10 stabilizing the soil particles on the top surface of the land area 
against soil movement caused by subsequent applications of the 
granular PAM and the equipment used to distribute the granular 
=^ PAM. 

ffl 15 After the initial tack coat of the mixture is applied, a quantity 

ij of a dry granular form of PAM is substantially evenly distributed 

on the surface of the soil of the land area. The application rate of 
the granular PAM is preferably determined based upon the general 
CI slope of the top surface of the land area. If the general slope of the 

]Z 20 top surface of the soil is substantially level, a first category 
Q tentative application rate of about 4 pounds of granulated PAM per 

acre is assigned. If the general slope of the top surface of the soil 
is about 10 to 1, a second category tentative application rate of 
about 5 pounds of granulated PAM per acre is assigned. If the 
25 general slope of the top surface of the soil is about 6 to 1, a third 
category tentative application rate of about 6 pounds of granulated 
PAM per acre is assigned. If the general slope of the top surface of 
the soil is about 4 to 1, a fourth category tentative application rate 
of about 9 pounds of granulated PAM per acre is assigned. If the 
30 general slope of the top surface of the soil is about 3 to 1, a fifth 
category tentative application rate of about 12 pounds of granulated 



PAM per acre is assigned. If the general slope of the top surface of 
the soil is about 2 to 1, a sixth category tentative application rate 
of about 18 pounds of granulated PAM per acre is assigned. If the 
general slope of the top surface of the soil is about 1.5 to 1, a 
5 seventh category tentative application rate of about 21 pound of 
granulated PAM per acre is assigned. If the general slope of the 
top surface of the soil is about 1 to 1, an eighth category tentative 
application rate of about 24 pounds of granulated PAM per acre is 
assigned. After the granular PAM has been applied at the desired 
10 rate, a final application of the liquid mixture of water and PAM is 
applied to the soil. 



A highly significant aspect of the invention is that on land 
areas having more than a minimal slope, the mixture is not applied 



g 15 to the soil in a single application, but in a series of two or more 



applications. The use of a series of applications is especially 
important when the mixture is being applied to soil in the relatively 
large volume quantities employed in the present invention. As the 
slope of the soil of the land area to be stabilized increases, the 



applied to the soil, and the possibility of initiating destructive 
erosion during the application to the soil also increases. The 
application of the mixture in a series of applications, especially 
misting applications, minimizes the possibility of the application 
25 process initiating erosion. 

The techniques of the invention have been highly suitable for 
stabilizing soil with a top surface with slopes up to and even 
exceeding 1 to 1 slopes. Not only have such severe slopes been 
30 successfully stabilized over the grow in period for turf, but the 

length of such contours has been significantly extended over what 
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present invention increases the amount of the mixture that is to be 
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was previously attempted and successfully stabilized. Contours 
with slopes of approximately 1 to 1, and extending approximately 
200 feet in length or more, have been successfully stabilized by the 
techniques of the invention. Stabilization of contours of such 
severity and extensiveness is not even believed to be practically 
possible with conventional matting stabilization techniques. 

Although the invention has primarily been described in the 
context of golf course constructions, the techniques described can 
be easily adapted to other situations where the stabilization of soil 
is desired. As should be evident from the foregoing, the invention 
is especially useful where steep slopes are employed as a part of 
the land contouring, such as, for example, for road ditches and for 
landscaping berms. 

As to a further discussion of the manner of usage and 
operation of the present invention, the same should be apparent 
from the above description. Accordingly, no further discussion 
relating to the manner of usage and operation will be provided. 

With respect to the above description then, it is to be realized 
that the optimum dimensional relationships for the parts of the 
invention, to include variations in size, materials, shape, form, 
function and manner of operation, assembly and use, are deemed 
readily apparent and obvious to one skilled in the art, and all 
equivalent relationships to those illustrated in the drawings and 
described in the specification are intended to be encompassed by 
the present invention. 

Therefore, the foregoing is considered as illustrative only of 
the principles of the invention. Further, since numerous 
modifications and changes will readily occur to those skilled in the 
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art, it is not desired to limit the invention to the exact construction 
and operation shown and described, and accordingly, all suitable 
modifications and equivalents may be resorted to, falling within the 
scope of the invention. 



